I RFONRT NACUMENTATION PAGE

£

TAAE N

ey Al

- AD-A265 100 ~

W

April 18993

T TYRE AN LR E

professional paper

4 TITLE AND SUBTITLE
NAVAL APPLICATIONS OF VIRTUAL REALTTY

& AUTHOR(S)
i M. Gembicki and D Rousseau

UM N AR E Ry

PR CE31

PE 0603707N
WU DN30K29N

7 PERFORMING ORGANIZATION NAME(St AND ADDRESS:E 5!
Naval Command. Control and Ocean Surveillance Center (NCCOSC)
RDT&E Division
San Diego, CA 92152-5001

o SPONSORING/MONITORING AGENCY NAME (S) ANO ADDHESS(ES)
Chief of Naval Operations

Department of the Navy
Washington, DC 20350

REPORT NUMBFHR

& PERFOAMING OROGANIZATION

ELECTE

MAY 2 8 199}

10 SPONSORING MONITORING
AGENCY REPORT NUMBER

11 SUPPLEMENTARY NOTES

12a. DISTRIBUTION/AVAILABILITY STATEMENT c

Approved for public release; distribution is unlimited.

120 DISTRIBUTION CODE

13 ABSTRACT (Maximum 200 wo:ds)

work!oad and cousequently improving decision making.

Published in AT Expert Virtual Reality Special Report '93, pp. 67~72.

The United States Navy is focusing its best minds and research laboratories on a handful of VR projects to examine the
feasibility of maintaining or improving training technologies and tactical operations. Key training obj~ctives are 1o compensate
for the educational levels of recruits, reduced number of skilled instructors, and reduced locations of high-quality rlassroom
facilities. Additionally, training should be more efficient and affordable, accommodate varying geographic demands, and
increase ability for team training. The objectives for tactical operations are to increase operator performance by reducing

As with any new and emerging technology, VR domain experts are being shaped overnight. The development and
implementation of VR applications require a team of experts with widely different backgrounds. The Navy has assembled
diverse teams with elements of science, art, design, education, security, ingenuity, and possibly a bit of magic.

93-12

WA llll”ﬂ!”ﬂ”lt” lll’

14, SUBJECT TERMS

man-machine interface
decision support
ASW

virtual reality
decision aids/decision making
operability, operator functions

15 NUMBER OF PAGES

16. PAICE CODE

17 SECURITY CLASSIFICATION 18 SECURH’Y CLASSIFICATION
OFf REPORT OF THIS PAGE

UNCLASSIFTED

UNCLASSIFIFD

19 SECURITY CLASSIFICATION
OF ABSTRACT

UNCLASSIFIED

20 UMITATION OF ABSTRACT

SAME AS REPORT

NSN 7540-01.280-5500

Stangard form 288 (FRONT)




UNCLASSIFIED

274 NAME OF HESPONSIBLE iINDIWH wuA RATTNE E I TR T nowdde Riva e e . LR
D. Rousseau 1Y Hhg -9u2) Cryde $47
NSN 7540-01-280-5500 Standard form 298 (BACK)

UNCLASSIFIED




SPECIAL HEPOR T

owad Rhgingald:
VA Then, Now
Illl Tllﬂlﬂl'l‘l]W

aFantasg i
U\"ﬂg‘lﬂﬂ 3

with the
Nay Seals

U.8./Ganada 80.056

I ——

g AR

srissbttl

Braceht 12 y2u by the publishers of ' ‘ I

Repuced From
Best Available Copy




ACCenior For A

Navy special operations missions wns™ cuss)

SR OENN ¢ Y31

i . .
U-»dln!.’)g. g

require high collective and
individual performance. e e,

I
0

EE

Virtual reality projects could help !'gy e
| Dist:ibution 4 1

e — e+ e

. L] e o
by Mark Gembicki Avalabiiity Coges
. e,
and David Rousseau | Disy | Avel andior !
: . Special ;
: A\ D ;
Ly a
LY |
N 1 A[ ) l I I
I Vi Reals
he United States Navy is focusing its | bit of magic.
best minds and rescarch laborato- Navy special operation missious are per-
ries on a handful of VR projects to | formed by SEALS (SE-Air-Land units) undes
examine the feasibility of maintain- | the direction of the Naval Special Warfare
ing or improving training technologics and | Command. These missions demand exton-
tactical operations. Key training objectives | sive planning and seamless execution. Fo
are to compensate for the educational levels | the training of these forces to be effective.
of recruits, reduced number of skilled in- | attention must be paid to the performance
structors, and reduced locations of high- | of the individual as well as the collective re-
quality classroom facilities. Additionally, | sponse of the unit. A characteristic of spe-
training should be more efficient and affor- | cial operations is the inability to provide
dable, accommodate varying geographic de- | real-world environments with the same fast-
mands. and increase ability for team train- | breaking action. However, VR systems sup-
ing. The objectives for tactical operations | plied with body function information could
are to increase operator performance by re- | bring these forces closer 10 a belicvable and |
ducing workload and consequently improv- | natural simulation. i
ing decision making. The Artisan Group is developing severat
As with any new and emerging technol- | VR conceptual platforms for the special
ogy, VR domain experts are being shaped | operations community that could to he |
overnight. The developiient and haple- | troduced soon. 1ne v K simuiations consist
mentation of VR applications require a | of the planning, rchearsal. and execution
team of experts with widely different back- | phases of a mission. Some simulations in-
grounds. The Navy has assembled diverse | clude Navy SEAL Mk-VHI swimmer delivery
teams with elements of science, art, design, | vehicles and the future Mk-V fast surface ve-
education, security, ingenuity, and possibly a | hicle. Direct action missions with high aln- 67
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Sceveral Naval scenanos requaire the re-
placement of humuns by machines for has-
ardous duties. The VR svstem makes tele-
operated and robotic vehicles simpler o
control, therebv reducing operator stress.
By providing full inmmuersion audio and vid-
co and realistic manual control movements
at the conmtrol site. repan and maintenance
of ground, air, and underwater vehicles be-
comes much more natural. Full immersion
can be achieved {rom microphones and
cameras positioned on the remote vehicle or
site.  Realistic manual control c¢an be
achieved by duplicating the physical vehicle
being remotely controlled or by interpret-
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Fhe Navy has o contmung requncinen
to develop and west new WEAPOT WALl Con
cepts that could benefit fram VR svstems
Phis s o matural extension of chuananmg
the need “ phasical simulators and ok
ups. New weapons, and new concepts o dy
ploving those weapons i the batrlebield. cun
be sunulated m the sortuad world New
weapon svstem concepts can be explored
without the expense of developing proto
types. Ouolookers can imvisibly rabe o ponu
of view from anvwhere within the hatde
field to evaluate tactios and sorategies. hrdor
mauon that 1s mvisible to human senses can
he exanuned visuallv or audiblv o the v
al world.

Reducing wformation overioad in tine-
critcal decision makimg 1s another beyv area

Introducing an image processing architecture
designed for interactive cinema.

One that makes it
look like cinema
instead of

video games !

One tbat makes virtiral reality look like reality,
except that reality was never this interesting....

VIRTUAL SCENE SYSTEMS

18 WATERHOUSE ROAD, BOURNE, MA 02532
PHONE : 508-759-2459 FAX ' 508-759-2257
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display s mregrated wahy sensors, postion:
g data. nussion profile data, and
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However. a field survivable 3D display -
Il(!pal:d for “hve-tive” data collection dur-
ing missions to enhance the situation aware-
ness and fast-breakiag action for the user.
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BRAIN WAVE MEASUREMENT

The Arusan Group is working wuh the
Westinghouse Science and Technology Cen-
ter in Putsburgh, Pa. w the adaplation of 4
proprietary bramm wave measurement tech-
nology for use in VR systems. This system
will provide an objective method for analyz-

evaluation.
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1o date, the basi
for training tape evaluations for @ RADAR
svstem, cogmitve evaluation for the digno-
sis of organic syndromes, visual and heanng
testing, and focus group testing and product
Soon, cue combmanon studies
of virtual environments will be underwan
that will yield critical data on stereopsis, mo-
tion, occlusion, texture gradient, long-term
experience, and highlighting. These results
could yield revolutionary concepts on VR
design and application.
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svstem by beerr used

ing memory, thinking, and attention to vir-
tual environments. The system is composed
of the modern principles of the polygraph
examination with event related potennals
generated by the subject’s brain during VR
immersion. '
The brain wave technology consists of
two subsystems: real-time and off-line. The
primary function of the real-time subsystem

The Navy has a requirement
to develop and test new
weapon systems that could
benefit from VR systems

Let PhotoVR Make Your Worlds Real

Unlimited Scene Complexity with
Textures Shcdows and Reflections!

PhotoVR™ is photorealistic VR software for your PC. Highly
reatistic 3-D virtual redlity environments are created using
AutoCAD® or 3D-Studio® and directly imported into
PhotoVR™ for real-time exploration. Scenes are viewed with
sophisticated shading including: multiple tights. textures,
reflections. shadows, phong shading. and bump maps.
Typically PhotoVR™ delivers 8 frames per second for
changing the user’s direction of view and 3-4 frames per
second for motion within a scene. This remains constant
whether a scene has 10 polygons or 100.00C potygonst
Support is provided for HMD's, video tape recorders. NISC
and VGA monitors, Input devices include Logitech 6D,
SpaceBall, Polhemus FastTrack, Ascension Bird, Trockball,
Joystick, and Microsoft Mouse. PhotoVR™ supports output
on DV! Spec Flre ond VGA dnsplczy cords

A

150 Mount Bethel Road
Warren, NJ 07059 USA

Gt

TEL (908) 580-0086
FAX (908) 580-0092




FIGURE 1.
Sonobuoy field
coverage. (Photo
courtesy of the U.S.
Navy, NCCOSC
RDTE)

FIGURE 2.
Command level
imagery. {Photo

courtesy of the U.S.
Navy, NCCOSC
RDTE)
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TACTICAL 3D DISPLAY

3D and other display technologies are being
studied for their application to tactical Na-
val operations at the new Naval Command,
Control and Ocean Surveillance Center
(NCCOSC) as the Research, Development.
Test and Fvaluation Division. Among the
potential beneficiaries of this technology
are airborne early warning and forward air
control. platform and force level battle
management, air traffic control, compact
flight trainers and mission planners, and
many aspects of antsubmarine warfare
(ASW). This mission area is being investigat-
ed for the improvement of shipboard Asw
sensor information displays.

Performance with displays improves
when operator workload is reduced, and
this erfect is amplified by prolonged opera-
tions. Therefore, displays that minimize this
workload should result in improved opera-
tor performance and improved decision
making. The need, therefore, is for displays
that present information in ways that take
advantage of natural humaa perceptual and
cognitive skills. Few display systems in use
today are more abstract than those used to
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2D formuat trom severad sources | he apphy
cation of new 3D visual and audio dinpiban
technologies to thas problem could vield g
mfwcant i..:;)m\'rnn-m\ mooperator perfon
mance and operationgl etfectneness. T hew
3D svstems could present the anncal tacncd
information im a ftar more mtuitne and e
grated wav, thereln reducing the coqinine
nterpretation burden and learnmg tone
while miproving the taectical cccess 1an
OVer CUTTent SVsteny,

An advanced technology Asw display ws
tem could consist of:
& The apphcation of 3D, stereoscopic. ligh-
resolution, full color, helmet-mounced oy
boom-mounted displavs
& A 3D position tracker (for the hebmer-
mounted displavy and 3D migmpulaiors tor
computer function control
& The incorporation of 3D audio to pre
sentation of multiple beams from the sonm
for inwitive cuing and correlation of ucous
uc nformaton o the ocean enviromment
B Automated speech recognition
& The intuitive depiction of high-resolution
computer-generated imagery of the Asw
environment based on miegrated display of
active, passive, and environmental senso
mformation.
The exact nature of the displavs that mun
prove most effective are vet w be deter.

mined, but speculation unfettered bv dis-

play constraints leads to some intriguing
possibilities.

For example. in the active sonar mode the
3D ASW display could provide the operaton
with a 360° field-of-regard image of the

ocean bottom topography and water prop- .

erties integrated with wave fronts repre-
senting the propagation of the sonar pulses.
The operator would sce these wave tronts
reflected off the local topography and ali
known obstacles in that database and re-
fracted by the model of the local water
properties. The operator would therefore
be able to see which returns are from
known obstructions and compare that with
the actual returns received by the sonar. In-
tegrating this 3D visual representation with
acoustic analysis and curing from the 3D
audio system would give the operator an in-
tuitive picture of the ASW situation.

Similar display approaches could be used
for fixed site ASW facilities. Application of

VIRTUAL REALITY SPFCIAL REPORT
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mone hatlengma duc 1o the soowr secaned
worehr Tnves of assy anonatt b coanntey
stze and weight e constitiv deg n-.}mn;
Mam of the displins developen for sutace
W vould be dinecth apphoable 1o both
airborne and ashore AW A few speciadized
displavs mav be added for such thones o
sonoloy coverage, however (Frgue 1,

This technology could also be apphed 1o
ASW tactical support by providing the shap-
board Asw officer or submarine approach
officer with a 3D unage of the ocean envi-
ronment, the weapons engagement cnvel-
ops. sensor coverage volumes. and the hos-
tile submarines that have been wdentified. In
a similar wav, 1t could be apphed to the dis-
play of battle management information
(Figure 2) where the location and status of
assets determines the weapons and sensor
coverage.

3D display technology could also provide
E-2C controllers with 3D aircraft engage-
ment information including launch enve-
lopes, detection system coverage, and so on.
A simpler application would be for air traf-
fic control afloat or ashore where only limit-
ed organic sensor information must be pre-
sented. Such a system might also benefit
from the incorporation of real-time voice

control of the communications system.

UHE TECHNOLOGIES

Fona rechnodowes e ot sudlowencs

Tor prerit o serions invesbieation alb the
uiuvl‘qllulml USC g inte Jated ndan g
non disphay svstam They ae dogh spe
sraphics computers, nomtar e igh resohs
non displays, 30D posinion sersors, and diga
Al 3D audio,

High speed graplies compurers can gon
crate acceptably realisnamgeny that s upe

Cdated fast enough o present an operator i

with usetul mformation m real time. These
machines are using muluple processors 1o
achieve dramatic speed and cost improyve-
ments with large supercomputers now opet
ating with thousands of processors. Todav's
high-speed g;mphx(ﬁ computers will seem
slow by the time a 3D display system 1
ready to enter the Fleet.

Miniatre high-resolution displays ¢volved
from weapons control and sensor display re-
quirements for military aircraft. Although
the Navy fielded the first opecrational hel-
met-mounted display (HMD). the most wide-
Iy used of these systems can be found aboard
Marine Corps and Army combat helicop-
ters. These systems now use cathode ray
tubes (CRTs) as small as 0.5 inches in diame-
ter with 1,000 line resolution. Approxi-
mately 1,000 line resolution 1s required for
“seamless” imagery in an HMD with an aver-

Explore the revolution in virtual
reality and mterachve me(ha

Discover how virtual reality and multimedia
pioneers are using the latest digital tools to
revoiutionize arl, entertainment and
communications, in the new book CyberArts:

Virtual Reality
Applications and Explorations
edited by Alan Wexelblat
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Exploring Art & Technofogy.

Edited by Linda Jacobsan, the book features
essays and commentaries by more than 50
visionaries, including Jaron Lanier, Myron
Krueger, Brenda Laurel, Steve Tice, and Trip
Hawkins—plus a full-color CyberArt “gallery.

“An exiremely valuable book for virtual reality
researchers and designers. . . Filled with
engaging and inspiring accounts of design in
cyberspace. . . . Inspires the imagination.”
—Hilary McLeifan Virtual Reality Report

336 pages. iliustrated, 8-1/2' x 11" soficover. 1SBN 0-87930-253-4

US822 95, tem #677
BT | toll-free
1 Piease ush me one copy of CyderArts: Expioning At & Technology {item €677)
AL U5822.95 each plus shipping (USS5in U S USS8 50 i Canada: USS15 overseas 800
airmai). H drssatisfied, | may return the books within 10 days for 3 full refund 8 48'559 4
1 Check enclosed (a0d sales taxin CA. GA, 1L NY_ and TX, and GST in Canada)
a2 Chargemy. 1visa D MasterCard
Cam ¢

-

2 Bitme (books wifi be smpped eniy when payment received}
Kame
Address

Sgrature.

MAIL OB FAX TO: Mitler Freeman Inc. 6600 Siacor Way Gmoy CA 95020 USA < FAX: (408) MB 5784 «
OR CALL: {800) B48-5594 or {408) 848-5296

This book is a collection of oniginal essays, includ'ag contributions trom
some of the leaders in the field, that illustrate the myriad and potentially
powerful applications of virtual reality. The book examines a broad range of
practical applications of virtual reality, from entertainment and architectural
design 1o \eleconierencing and computer-supported cooperative work
Researchers at the forefront of work in this area explan the capabidities of
present systems and outline the even more compelhrg possibilities they
envision. From developing advanced interfaces for education in the classroom
to visualizing scientific data for simulated space exploration, this book makes
clear the diverse ways that virtual eavironments can be useful tools and
suggests exciting directions for the future

July 1993, ¢. 320 pp., $39.95 (tentative}/iSBN 0-12-745045.9

Virtual Reality Systems
edited by Rae Eamshaw, Huw Jones, and Mike Gigante

This volume skillfully explores the central issues of and the a
hardware and software technology utilized in virtuai reality [VR)
It contains a detailed bibliography and features 16 full-page col

May 1993, ¢ 350 pp . $44 95 (tentative}/ISBN- 0-12-227748-1

Order from your focal bookseller or directly from

ACADEMIC PRESS

HBJ Order Fulfiliment Dept. DM 17915

6277 Sea Harbor Drive, Orlando, FL 32887

Prices subject lo change wihoul notice € 1993 by Academic Press. inc
All Rights Reserved SLALMW/OC - 24033

CALL TOLL FREE
1-800-321-5068 FAX 1-800-336-7377
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TOPES, dasigned
by Rudy Rucker,
demonstrates the
physical properties
of objects
pictured. Built with
the Autodesk
Cvberspace
Developers Kit.
{Photo courtesy

of Autodesk)
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 doubled m hncan resolution 1o the pomt of

bemy comparable waith standard 1elevision
vesolution (1 CH nnage height of 4830 pixels
ve, D00 lines of rasterscan video for comven-
vonal TV Although this s 0 grear -
provement over the previous generation of
240 pixel-ligh LCDs, dus resolution is still
low enough that the image appears very
gramy when magmified as part of a stereo-
scopic display svstem. Fortunately. higher
resolution color LCDs ave likely to emerge
on the commercial market within five vears
because of a Defense Advanced Research
Projects Agency (DARPA) funded research
effort at the David Sarnoff Research
Center.

The most prevalent 3D position senson
system todav uses a magnetic field gener-
ator atfixed 1o the local environment and a
field sensor attached to the device o be
monitored. A computer system monitors
the field sensor and calculates the position
and attitude of the sensor basced on the na-
ture of the portion of the magnetic field in
which 1t 1s immersed. These units are smail
and rugged, but they are sensitive to the
presence of ferrous metals that can distort
the magnetic field geometry. Work is being
done to reduce this problem and to speed
up the operation of the system. Other posi-
tion trackers are now 1eachmg the commer-
cial market, however. One unit uses multi-
ple ultrasonic sensors and sources to

monitor position and attitude. An analo-
gous multi-element infrared system is also
available. These systems are not sensitive to
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mentaliv dermved
achieved, T he vansform functnonis were de
nved by measurmg the distortion of ki
broad-hand sounds due br ooter vay shagn

An undistorted sound, alter processag g
ranstorm funcoon mearparated o cnen
iy, would seem o have envated froan am
desired locaton. Phis made v possihic 1o b
tey o sound so that 11 would scem o have

\(l“ll(l\ Pevilinl o Nt b

trantor s Tai fions e oas

come from any chosen location i space o
ternal 1o the histener. Recent work o N\
vonal Aeronautics and Space Adnamsta-
ton (NAsSA) Ames Research Center yesuired
m these transforms bemg moorporated miro
digital circutry and marned 1o computers
that could simultneoush moniror the
entation of the operator’s head rising o 4D
positton tracker) and transtorn o sound s
that it would seem 1o be stationary winde the
operator moved.

-

THE FUTURE
These technologies are already bemy ap-
phed 1o numerous civibian tashs mchuding
architecture: mechanical design in the auto-
motive and aerospace industries: pharma-
ceutical research: medical imagery {or 2D
display of CAT scan, NMR, and ultrasonic
medical data; education: entertamment: and
functional aids for the handicapped. If these
new technologies are properlv applicd 10
the tactical Naval environment. thew impact
on operational effectiveness and tammg
methods and systems could be dranmate.
History has taught us that the requive-
ment 1o operate a global Navv will not -
minish at a rate commensurate with the de-
crease 1 our assets. Budgets and stalf levels
witl probably continue 1o decrcase over the
next decade or two. Therefore the work-
load for each person will wicrease. and the
tactical cost of losing one plattorm out of a
reduced inventory will be magnified. Sve
tems that can improve operational perfor-
mance while requiring lower staffing will be
critical, and those systems that can achieve
the greatest performance mprovements at

the lowest cost will be essential .

Mark Gembicki is the vice president of advanced
research and development at The Artisan Group inc.
in Baltimore, Md. David Rousseau is the ATAD
project head at the Naval Command, Control and
Ocean Surveillance Center in San Diego, Calil. This
team can be reached through Al Expert.
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